Published data on the association between MMP-9 polymorphisms (−1562 C > T, rs3918242; Gln279Arg, rs17576 Arg668Gln, rs17577) and asthma susceptibility are inconclusive. To derive a more precise estimation of this association, a meta-analysis was performed. A literature search was conducted in PubMed, Web of Science, EMBASE, Wanfang, and China National Knowledge Infrastructure (CNKI) databases to identify eligible studies. e pooled odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were used to calculate the strength of association. Sensitivity analysis was performed to evaluate the influence of individual studies on the overall effect estimates, and funnel plots and Egger's test were inspected for indication of publication bias. Seven studies with 1592 asthma patients and 1987 controls were finally identified. Overall, we found no significant association between −1562 C > T, rs3918242 polymorphism, and asthma susceptibility in any of the genetic model comparisons. After categorizing studies into different subgroups on the basis of ethnicity and age, there is still no significant association. For the Gln279Arg, rs17576 polymorphism, there seems to be a significant association in the allelic genetic model in regard to the P value (OR � 1.11, 95% CI � 1.00-1.22, I
Introduction
Asthma is a chronic respiratory inflammation disease characterized by airway hyperresponsiveness, reversible airway obstruction, and airway wall remodelling, which is associated with significant thickening of the reticular basement membrane and deposition of the extracellular matrix components [1] [2] [3] . In this regard, matrix metalloproteinases (MMP) family, which is a Zn 2+ -and Ca
2+
-dependent endopeptidases, plays a vital role in degradation of extracellular matrix components [4] .
MMP-9, one of the MMP family proteins, is mainly produced by macrophages and neutrophils but also by epithelial cells, mast cells, fibroblasts, and smooth myocytes, which are key mediators in the airway wall remodeling and metabolism of the extracellular matrix [5] [6] [7] . Its increased levels were found in blood, sputum, and bronchoalveolar lavage from patients with asthma exacerbation [8, 9] . e ratio of MMP-9 to its natural inhibitor (TIMP-1) in bronchoalveolar lavage (BAL) fluid was also higher in children with symptomatic asthma, as compared to that of healthy controls [10] . In addition, deficiency of MMP-9 in mice leads to enhanced allergen-induced airway inflammation and increases the numbers of eosinophils and levels of cytokines such as interleukin (IL)-4 and IL-13 [11] [12] [13] . ese accumulated data support the idea that MMP-9 plays an important role in asthma pathogenesis.
e MMP-9 gene is located on chromosome 20q11.2-q13.1, a position which has been shown to be associated with bronchial hyperresponsiveness and specific sensitization [14, 15] . Up to now, at least twelve potential clinically relevant SNPs were found in the promoter and coding region, which are important for the MMP-9 expression and function [16] [17] [18] .
erefore, a lot of genetic epidemiology studies have assessed the association of MMP-9 gene polymorphisms and susceptibility of asthma in different populations [19] [20] [21] [22] [23] [24] [25] [26] . Most of them focused on a 9-bp sequence containing the −1562 C > T, rs3918242 polymorphic site in the promoter region, which is an important regulatory element [19] [20] [21] 23, 25] . In addition, in the coding region of MMP-9 gene, the association of Gln279Arg, rs17576 and Arg668Gln, rs17577 polymorphisms with the susceptibility of asthma was also assessed [20] [21] [22] 26] . ere are few association studies between other polymorphisms of MMP-9 gene and asthma susceptibility. However, these results were inconclusive and inconsistent. erefore, we performed a meta-analysis of all eligible studies to obtain more precise estimation of the association of MMP-9 gene polymorphisms including three SNPs (−1562 C > T, rs3918242; Gln279Arg, rs17576, and Arg668Gln, rs17577) with asthma susceptibility.
Materials and Methods

Publication Search.
Publications were searched using the Pubmed, EMBASE, Web of Science, Chinese National Knowledge Infrastructure (CNKI), and Wanfang databases (the last search was conducted on January 30, 2018). e search strategy utilized in our study was as follows: asthma or asthmatic and matrix metalloproteinase 9 or MMP-9 or Gelatinase B in combination with polymorphism or mutation or variant. Searching was performed in duplicate by two independent reviewers.
Inclusion and Exclusion Criteria.
e inclusion criteria of our study were as follows: (1) Any human studies that estimated the prevalence of matrix metalloproteinase 9 polymorphisms and asthma risk were included, which are published in English or Chinese. (2) e genotype distributions or allele frequency of each study should be available for estimating an odds ratio (OR) with 95% confidence interval (CI). (3) ere were sufficient results for extraction of data, that is, number of subjects for each genotype in asthma and control groups. Where eligible papers had insufficient information, we contacted authors by e-mail for additional information. Studies were excluded from our meta-analysis if their authors did not provide us with related data.
Data Extraction.
e basic information extracted for each study was as follows: name of first author, publication year, country and ethnicity of case control, age of case, sample size, and genotype frequencies in cases and controls. Data were extracted independently and in duplicate by two reviewers who used a standardized data extraction form. Any disagreement was adjudicated by a third author.
Study Quality Assessment and Meta-Analysis Quality
Assessment. Newcastle-Ottawa Scale (NOS) was used to assess the quality of the included studies. Item assessed include selection, comparability of case/controls, exposure/ outcome, age and gender. e quality scores ranged from 0 to 9. We divided NOS score into three levels (higher quality, score ≥ 7; moderate quality, 4 ≤ score < 7; low quality, score < 4).
Statistical Analysis.
Hardy-Weinberg equilibrium (HWE) was assessed for each study by use of Pearson's chisquare test in control groups, and significance was set at P < 0.05. e OR with 95% CI was used to assess the strength of the association between MMP-9 polymorphism and asthma risk. e pooled OR for MMP-9 polymorphisms and asthma risk was performed for dominant genetic model (AA + Aa vs. aa), recessive genetic model (AA vs. aa + Aa), homozygote genetic model (AA vs. aa), and allele genetic model (A vs. a), respectively. In the current study, the aa genotype was a wild-type, while the AA genotype was a mutant. e heterogeneity was assessed by using Q-test and I 2 test. A P value > 0.10 of Q-test and I 2 < 50% indicates a lack of heterogeneity among the studies, then the fixed-effect model was used. Otherwise, the random effect model was used. Subgroup analysis was performed by ethnicity and case age to further explore ethnicity-specific and age-specific effects. Sensitivity analysis was conducted by sequentially excluding one study at a time to examine the effect of each study on the combined result. e funnel plot and Egger's test was used to assess the potential publication bias. All statistical analyses of this meta-analysis were performed using the STATA 11.0 software (State Corporation, College Station, TX, USA).
Results
Characteristics of the Studies Included in the MetaAnalysis.
e flow diagram in Figure 1 outlined the study selection process. After a comprehensive search of the PubMed, Web of Science, EMBASE, CNKI, and Wanfang databases, a total of 102 articles were identified. Firstly, 67 duplicated studies were excluded by Endnote software, and 35 studies were remained. After reading the abstracts and titles, 20 articles were subsequently excluded because they are review articles or not related the MMP-9 variants and asthma or not human studies. e remaining 15 articles were then assessed for inclusion. Of these, 8 articles were excluded because 3 articles are conference abstracts, 3 articles lacked a case-control design, and 2 articles lacked detailed genotypes. Eventually, we identified 7 case-control publications, including 1592 asthma patients and 1987 controls, to evaluate the association of MMP-9 polymorphisms (including three SNPs: −1562 C > T, rs3918242; Gln279Arg, rs17576; and Arg668Gln, rs17577) with asthma susceptibility [19] [20] [21] [22] [23] [24] [25] [26] . ere are 5 articles on −1562 C > T, rs3918242 polymorphism and two articles on Gln279Arg, rs17576 and Arg668Gln, rs17577 polymorphisms, respectively. For −1562 C > T, rs3918242 polymorphism, three studies were performed in Caucasian and one study was performed in Asian. A study in Turkey did not explain the ethnicity, so we termed it unknown. Two studies were carried out in children and three studies in adults. Polymorphisms in control subjects were in agreement with HWE in all studies (P > 0.05). ese characteristics of each eligible study are shown in Table 1 . e detailed genotype and allele frequencies and HWE examination are listed in Table 2 .
Quantitative Synthesis.
A summary of the meta-analysis findings concerning association between MMP-9 −1562 C > T, rs3918242; Gln279Arg, rs17576; and Arg668Gln, rs17577 polymorphisms and asthma susceptibility are provided in Figures 2-4 and rs3918242 polymorphism, no significant associations were observed in any of the genetic model comparisons in the overall population. After categorizing studies into different subgroups on the basis of ethnicity and age, the results showed there were still no significant associations between the −1562 C > T, rs3918242 polymorphism and asthma risk ( Figure 2 and Table 3 ). For the Gln279Arg, rs17576 polymorphism, there seemed to be a significant association in the allelic genetic model in regard to the P value (OR � 1.11, 95% CI � 1.00-1.22, I 2 � 0%, P (Z) � 0.044); however, the value of lower 95% CI is 1.0 ( Figure 3 and Table 3 ). For the Arg668Gln, rs17577 polymorphism, there were high Zhu (2012) Ganter (2005) Lose ( Overall (I 2 = 0.0%, P = 0.716)
Lose (2005) Zhu (2012) Erbek (2009) Ganter (2005) Holla LI (2000) 1.14 (0.61, 2.12) 2 � 0%, P (Z) � 0.004), and allelic genetic model (OR � 1.59, 95% CI � 1.29-1.97, I 2 � 36.9%, P (Z) � 0) ( Figure 4 and Table 3 ).
Sensitivity and Publication Bias Analysis.
For −1562 C > T, rs3918242 polymorphism, sensitivity analysis was conducted by sequentially excluding individual studies to estimate the stability of the results. After sequentially excluding each study, statistically similar results were found ( Figure 5 ). Potential publication bias was investigated using the funnel plot and was further assessed using Egger's test. e shape of funnel plot ( Figure 6 ) and Egger's test (Supplementary data (available here)) did not indicate any evidence of publication bias for −1562 C > T, rs3918242 polymorphism.
Discussion
To the best of our knowledge, this is the first meta-analysis to assess the association between MMP-9 gene polymorphisms and susceptibility of asthma. Our results indicated that there was no significant effect of MMP-9 −1562 C > T, rs3918242 and Gln279Arg, rs17576 polymorphisms on asthma susceptibility in overall analyses and subgroup analyses. However, for Arg668Gln, rs17577 polymorphism, a significant association with asthma susceptibility was observed in overall analyses. e −1562 C > T, rs3918242 polymorphism in the promoter sequence is the most frequently studied and bestrecognized polymorphism, which is important for gene transcription rate and protein level [16] . However, the current meta-analysis revealed that the −1562 C > T, rs3918242 polymorphism is not in correlation with asthma risk in overall population. After stratified analysis by age or ethnicity, there is still no association with asthma risk. ere are some feasible explanations for the lack of the functional association. One is that the elevated MMP-9 level is not only observed in asthma, but also existed in others inflammatory disease, such as acute respiratory tract diseases and chronic obstructive pulmonary disease (COPD) [27] . So the reason for the elevated MMP-9 level may be caused by other factors, but not by the C > T substitution in the −1562 nucleotide of the MMP-9 promoter. e other reason may be this mutant allele has small effects, but tightly linked to other possibly functional polymorphisms within MMP-9 or other genes involving in the inflammatory response which play more fundamental roles in asthma. Indeed, one study showed a strong linkage disequilibrium between the −1562 C > T, rs3918242 polymorphism and 2127 G > T, rs2274755 polymorphism in the fourth intron, increasing the transcriptional level of MMP-9 and involving in the development of asthma [22] . However, more case-control studies among the different populations are needed to confirm this hypothesis.
Besides the −1562 C > T, rs3918242 polymorphism in the promoter region, we analyzed the other two polymorphisms in the coding region, namely, Gln279Arg, rs17576 and Arg668Gln, rs17577. Gln279Arg, rs17576 and Arg668Gln, rs17577 polymorphisms are single nucleic acid substitutions at positions 836 (A-G) and 2003 (G-A), corresponding to Ganter (2005) Lose (2005) Erbek (2009) Zhu (2012) Lower CI limit Estimate Upper CI limit Meta-analysis estimates: given named study is omitted substitutions of glutamine for arginine at amino acid position 279 and arginine for glutamine at amino acid position 668. e Gln279Arg, rs17576 polymorphism is located close to the catalytic region of this enzyme. is change is supposed to modify the affinity of catalytic region of MMP-9. e Arg668Gln replacement may result in increased MMP-9 resistance to its natural inhibitors and higher in vivo activity of this enzyme [28] . In addition, Gln279Arg, rs17576 and Arg668Gln, rs17577 polymorphic variants augment activity of MMP-9 in children with asthma [29] .
ese results may suggest a risky role of these two variants in regard to asthma. However, there is a high significant association with asthma susceptibility only for the Arg668Gln, rs17577 polymorphism in this meta-analysis. For Gln279Arg, rs17576 polymorphism, there seems to be a significant association in the allelic genetic model in regard to the P value; however, the value of lower 95% CI is 1.0. erefore, more well-designed and high-quality studies with a larger sample size among the different populations should be conducted to support this finding.
Several limitations should be taken into account when interpreting our results. First, despite a comprehensive search, the number of studies that qualified for inclusion was modest, and the results might be exposed to interference factors such as random error. Second, only published data were included, leading to possible publication bias in this meta-analysis, although no statistically significant publication bias was identified.
ird, even though the existing literature had acceptable quality, detailed information was not provided, for e.g., asthma definition varied among different articles, and this may be a confounding factor. In addition, participation rates for cases and controls were not reported in the majority of included studies, thus our metaanalysis was unable to explore the selection bias. Moreover, with limited information about environmental risk factors for asthma, we have no access to evaluate the gene-gene and gene-environmental interactions. Fourth, all the studies emphasize the fact that the differences in polymorphic variation depend on age, ethnicity, and gender, while ignoring the effects of epigenetic modulation.
In conclusion, the current meta-analysis indicates that the MMP-9 −1562 C > T, rs3918242 and Gln279Arg, rs17576 polymorphisms are not the independent risk factor for asthma susceptibility; however, the Arg668Gln, rs17577 polymorphism is the risk factor for asthma susceptibility.
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